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TbivO p:ro~rxAus Lvoot a~~ ' period of 10 yars of work supported

by ZtL. 0ifct of thtE Surgeon Cezr.nral, 17he United States Aray. Becausew of the broad

nO11of twi rteaircht the report will L.umurize progress mad* in a meritive fashion

- rath~r than to detail specif ic achi&emmatx. The project has concerned Itself with

' Wtabolia Disorders and Therspexitic Approachs in Renal Failr"" The report will

be divido.d into throee phases.

) 1) Mtabolic Disorders, 2) Trsatmont ot Renal ralure, and 3)

Hnonit.toplastatinA of Tissue 'with particular reference to the kidney.

1) Metabolic Disorders, Both In the uwemIc patients and In ursuic

- anaimals w4 have e.A!avory4 to elAborato tha metabolic defect which~ reaulto udo

i L2~ ailuro. Brnly in our course we noted that patients with renal failure improved

~ ~ significantly If they wore dialysed against a bath fluid containinge urea, suggesting

. .. ...... tbat tts lAone wax rAt tVA* oxir caus for the morbid atatc. lFuxtthonv , we damon-

C/) mt~ntod tOat livor slioes ineubated In 100 millinol.es per liter of urva shaored no

inhibition. of pyruvate upta 6 or glucose productlon, Although se~veral years worm

SPOnt In att~AiptS to Utilits tiGsue 21LceS for this, the tissue xilca its~lf was

uuntistaotory as a purely in !itro system., WO were, howVer*V, Able to show that in-

~ c'wasing concentrations of urea beginning at .0 molar did inhibit mnaaine oxidase

activity of rabbit kidavy slicos acting on a pyreanine substrate, 'this work was of

intarest sluwe tho Inhibition Yns a diphauic one, decreasing with inr~axing con-

~ centrations and suglesting *4el~ble polymerisation of urea at higher concentrations,QAM~ The 3gn~ficaw*e of this Intrpretation relatem to one of thxe earliest observations

made In our work whoa we wore able to shbow that more irea could b*e revioved from

rmn cluvnic urimic patients than could be accounted for by the decrease In blood urea

aitrogen conoetratiou, suggesting that urea. was perhaps polymerized,, or at leasnt

~ was not equally distributed throughout the totl body water. This very early obser-

vation has been confirme In a umber of ways in recent year". We were able to inhw
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Ia rats Made acutely ureml, there WaS Do deMentrable defeat in the formation of

liver glyeoge nor the absorption of glueoge in the ittsttneo In rate with chronic

uremia we Could demonstrate a mared decrease in glusos uptalm from intestine and a

marked decrese in liver glycogen as well as apairment of glucose utilization

following a glucose load, This 1 of interest In view of recent evidence in patients

that a similar offeet may oecu in uromia.

Patients with &auteo uria. shoiWe decreased srvival of rod blood

cells which were infused and who"e half-life was followed by the me of isotope

taggn ag This decreased survival was implored following dialysis with the artificial

kidney and disappeared within five days after the implantation of a normal kidney.

Sine* the defect In some way resembles the so-called storage defeat" and since this

could be improved in vitro by Iosiunep we attempted to infuse Inosife Into patients

with chrone renal failure aud study tke red blood cell defect particularly as

manifested by abaoralities in the Intracellular concentration of red cell eodit

potaaium. The Infusion of Inoetne into urenic patients did indeed revrse this

defect but the hnypruriesta which resulted from mtabolism of the purliw nolety of

Iuosine to uric acid, requlred heaodialysio. Other Intravllula defts in chronic

uaeala have also ben Studied. We showed some time agW that in chronic rnal failure

rapid dialysis with the artifliial 1tIdosy might retura sena bicarbonate rapidly to

normal but that aiwe bicarbonate did not cfos the cell nmabranc rapidly, kyervoen-

tilatlon contined and a respiratory alkaloois was substitutsd for the uatabolie

aeidosis.

Current work Is toncerned with the eorrect weosurawnt of this

phenomenon by the use of the measurement of ths volume distribution of EIMO

With the Neurologic Service we studied Intensively the neurologlc

abnormalities in both acute and chronic urealai It was observed that most of the

neuologic abnormalities in chronic urenia were apparently due to a metabolic defect

eair-l& to that seen in liver diseaseo In this connection, a so-called liver flap

is not unaooen in urmie patients. Flee troemcephalographic abnormalities were
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r-OwNon and th~could bO rOutlY quxntitated by the responco of? the olectroancephslo-

rc- to photic simuuli, Most Lapor~ant was the fact that focatl neurologic abnormalities

rwr traiiint c sd appeaftd to bt &A~ the result of fecal olge nr. contral nervaus sys-

ttm iesions, ru therrre, hypoca lt ti was rarely thme cause of any of the neurologic

m-anifetations o .servred.

Xxtearive ork on cardiac ar-: hythmiss occurring In renal failure h~ave been

doneo Cardti c ait Aytimiae can be Irodueod bw rapid chage of extxlallular pff by

raising the %oratv bodium, or by Arcpta the serum potnanMa. Isotope dilution

studies have st~own that tkere to it correlat:' m betwea the" arwhythaias or the

changes In tbe olvictrocardiogran eetl the totu I body potaseiwa or the extracellular

level, It appw~ars that the oleo tr xtwd iogrus aosd the sensitivity to cardiac arrhy-

thait" ay bib it function of the ra iatlve roncen rations of sodi and potassium

acrosa the cell smbrano.

During th t courp' of tho abo, e studies wi h isotope dilutions we were able to

elicit the fact that t. pically in ,cut. renal ft ilure, enztrtc~llular fluid volume Is

expanded, probal tly by ihe producti( a of metaboli -- water f we.t the catabolism of tat.

Iii addition, in both acute and Artc mic renal fal Lure serum eitrate levels may be

markedly elovatid. pousibly contrituting to the so-called unidentified aoid fraction

abouit which thau a has bees wh ope talation.

A ftitc rk 4 oaeeqllne* of t is work on 4 Pdy fluid volume "~re tho observa-

tions that In ui arenoprival hypr~ansioo does iDot exist. Our ability to maintain

people vi thk no r w 1 function what.. or in rel litively good states of hoalth onabled

a to observe, that in four patients In whom a st.ngle kidney had been recoved MANci-

dentally, kyrtona iou did not occew unless t ke volume of .ztraellular fluid was

iworoasod. filt and water depaivatlon In thai.o Individuals returnod blood prtasure

levels to norml. The importanet of Whe oba~rvation in man when considered In the

light of the Mawrous clains 9.o animal oapeiments that the kidney has an Important

depressor function,, is obvious.



2) Tatmont of Renal Failure-

A major function of our v'ork In the trtcntmeat of acute renal failure has been

*COUIrc with tie artificial kidney. 7he rotating artificial kidney, first des-

owlbod by Xolff, was modifiled to boome a prattical cli~nical tool in this laboratory,,

During the courem of Its develomnt and use we had cecasion to train a nwmber of

Aruy personnel In Its useo Work with this apparatus In the Korean War contributed

Importantly to knowledge both of homadialyis and the treatment of acute ranal

failure. The importance of the use of the artificial kidney in tbe prophyplactic

tveatyont of acute renal failure iU too well knon to require emphasis. HCuO(er, it

in of acoo intorest that oft week agog dialysis mumber one thousand wasn done In tkis

hospital, It would not be ieowx'qot to say that the vast sAjority of these dialysos

were made possible by support fzom the office of the Surge=n General and knowledge

derived fro, this has contributed Importantly to the treatment of both acute and

chrortict renal failure L1% this country and elsewber*.

In 1953 the Investigator and Dr. Marel Legrain published our experionmu with a

now technique with poaitoeioal dialysis using a plastic tube Inserted Into the part-

tomum thrug~h a simple peracentesio tchnique. This simplified teriUnique In a

somewhat modified form is nw In widet-opreed use, Wor* em~tenslve application noos-

sitatod the production of commovcial rinsing fluido In 1957 we reported the removal

of potauuium by psasing btood from the urestio patient ever an ion eiwbango colum.

'oouse of plAtelet ad it ell deortwwtion, hoitever, this teehniquo wasn not uni-

wisally applicable. H oer our work at a later date with the fine ask Ion excbAnge

aesIn, (Kay-exalate) particularly facilitated by the ingestion of sorbitel * proved to

be an extrvosly practical mssre for the removal of potassium f. gastro-intatinal

secrten and is nwidely utilived. Work with Dr. William Looney in this period

demonstrated that beth the artificial kidney and Ion eveange resins were effective

means of ridding the body of radioact~ve calcium and strontium 90.



Experience with the use of Islying vascular cannulae for chronic honmodialysis

hge3ua obtained. As domonstrated by Scribner and his colleague., this In now an

ts-fective means for maintaining ueful lif. In patients With severe chronic rsal

failure,, Of particular Interest in our experience Is a patient, both of who"e kidneys

wore remuoved 7 months ago, and who has been Maintained 8100 that tins by chronic

hamodialyoie0 Observations on the reapose of his malignant hypertension to bila-

teral nephrectoay and dehydration have ceont rmed our' earlier obeervations about the

rasponse of hypertension to saIt and water esetrieties In the absece of existing

renal tissue., We have maintained a number of patients on chronic peritooest dialysas

four of these have been maintained at hom through the wee of dialysis thrEA an

inlying, surgically placed, plastic conduit, Recently a device has be given pre-

liniriary trial which will autoimatically cycle dialyalsg fluid and should enable the

patients to be dialyd at ham while they sleep. Problem of infection and fibro-

ols, Uiwer, remain to be ewervoms,

3) 2Iootransplantation of Tissuem:

The emphasis In our study of tissue transplantation has been on the trauspl&n-

tation of the kidney as an approach to the therapy of chronic renal failure. Suc~cess-

f ul transplantation of the kidnaey depends upon the kwledge of inaunity in tissue

transplantationx generally, and consequently, both laboratory work aWi clinical in-

w'vstigutlon have been vowuoewned with problom both of basic Imunwologic concept as well

aa the transplantation of skin, Our achievements In the field of o1~inival trans-

plantation have been as followi 1984, tb. 9irat sucoessful transplantation of a

kidney between idonticAl twins. In 1959, the first successful transplantation of

kidacy between nouidtatical twins. In 1962, the first successful transplantation of

a totally unrelatod cadaver kidney that has murvivied at the present time for 15

nontho,, Uore thca 60 humA renal homograf ts hae been performed to date. Our first

ouccoomful transplantation btwen noidentical twins was accomplished with the aid of

oubtotal body irradiation. In this case it wa demonstrated for the' first time that

partial tolernc for a kidney might be obtained auid that when. the rejection proceva

appeared In the Ikidiwy It might be nbortod or reversed by the use a! ct-rtico-atorioids
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,kni funrthor x-Irradiationo This concept of partial tolerance and the ability to

abort" a rejection respeons has been of paramount importance, both in our sugeequint

ik and in the workc of others. In the patient in whom a cadaver kidney was trans-

ple tedo 7 separato and distinct epibodes of abortive rejection occurred which were

reversed with the uase of corttoosterolds and ISmwO-SuppOSSiTe therapy, Our recent

work based largely on the Studies of Doctor$ MUMty, Calso and others In our labora-

tory has utilixed the %se of imiano-suppsessiw therapy in the fer of dru. At

the proeent time 5 patients are alive and in good health with kidneys tftusplanted

frovm other than twins, The survival tiow varies from I math to ? moths.

In z.d4itIou we have been Interested in skin transplantation. We have demon-

strated a sharing of transplantation antigens in kmmns We have dmonstrated also

that following the rejection of a skin graft the patient become Immune to the

leut ocytes of the donor and ezhlbits a delayed hypersensItivity to the Interdermal

injettlo of these leukocytes, Am intereeting offshoot of this work has been the

fact that patients with ditmenimated lupus erythmatsue shoved the sae type of

skin hyperensitivity to thoir own loukocyteov Is conjunction with the DepartsebtV of

Surgery and Pathology, we have carried out a detailed analysis of the histology of the

rejection of a human skin homograft by the uve of daily biopsies. We have shows that

hamag may develop an aelerated rejection to skin houmografts by prior introdermal

injection of donor leukWytesi,

Doctor Idward B. Eager in our laboratory has shown that dogs may bo iawnl~zad

to canin hooorafts by the prior Injection of isolated platelets from the donor

In addition to this, Doctor Hager has been able to elute antibody from a rejecting

kidnoey to reoct this with soluble antigen from donor platelets in an In vitro syt'"o

Hio work shows a greater specificity of the antibody for pure donor antigen than it

does to other canine antigens siallarly elutud, pointing the way to a possible systm

tn "bleh an IndIvIdual sprcific test syvton for antigen and antibody in nlln

hommorafts may be developedo

Doctor JaTwo Nowbray in our laboratory has shown that an alpha-i glyoo-protoin

fowd In DOW= arnd 0onoentiated in the thymus glando may narkedly prolong the. life
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of 30% of skin giafts between rabbits, when Injeoted into the recipient prior - and

shortly after - the application of the homograft.

e have also boen able to demotrate a pef I cytotdel effet between

COlls harested frsm donor sad r*alpieot rabbits following the ISnMm tion of m of

the pair by two skin bomgrafts from a second. We bave developed an in vitro systes

for the ewluation of cireulating antibody, based sot on kttolqc aMsay, bUt ea a

dynamic assay. This involves the prinCiplo of VAesUr1Ag thM SkAt-ciieuit current

generated by sodium transport, first In frog Skis ad later In the rabbit coloa, and

assaying the effect voes thi cu ant by injection Into blood vossela supplying thes.

tissues of antibody-contalning sews and sensitized leuleyte.

The above review of ton years of work Impresses the responsible investigator

witk the fact tkat mnwh progress kas been made. A good bit of this has bee a by-

produett of #ork stemming from a protocol vwich was an offshoot of that for which the

vevawch application was made. This fact, it seems, attesto to the merit of the

revearr-h grant as a tool l.et by an enlightned granting ageney to the invetigtor

in such a fashion that the latter is fnco to develop his rewsweh in the direction

which aoem moat prof table as the work progresseso


